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[57] ABSTRACT

A method for positioning and fixing optical components
relative to one another which comprises the steps of
providing a carrier plate having an optical component,

‘securing an optical component on a retainer plate hav-

ing at least one solderable area, positioning the retainer
plate above the carrier plate with a reference mark on
said plates being aligned and the solderable area on each
of the two plates being disposed in aligned pairs of
solderable areas, applying at least one solder piece to
each pair of solderable areas as the plates are held in the
position, melting the solder pieces, allowing the molten
metal to solidify to secure the aligned plates together
and then releasing the secured aligned plates.

15 Claims, 2 Drawing Figures
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METHOD FOR POSITIONING AND FIXING
OPTICAL COMPONENTS RELATIVE TO ONE
- ANOTHER

" BACKGROUND OF THE INVENTION

The present invention is directed to a method for
positioning and fixing optical components relative to
one another. .

Optical components is a term used to include differ-
ent optical elements which have small dimensions such
as miniaturized light sources and lenses, and it also
includes light waveguides as well as semiconductor
laser diodes, light-emitting diodes and microlenses.
These componentis can be secured in specially con-
structed but expensive micromanipulators. The -ele-
ments can be positioned relative to one another and
secured or bonded by means of a suitable design of the
surfaces. If the elements were manufactured with ex-
treme precision, the cost for the positioning mechanism,
~such as a micromanipulator, could be reduced. How-
ever, the manufacture of elements with such precision
would involve very high cost. |
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SUMMARY OF THE INVENTION

The present invention 1is _du'e_cted to prowdiﬂg a
method for positioning and fixing optical components

relative to one another with a high precision in a low.
' * ' 30

cost manner in which the components can be fixed and
secured without using adhesive which may damage the
component. This object is achieved by a method com-

prising the steps of providing a carrier plate having an -

optical component secured thereon and having at least
one solderable area, providing a retaining plate having
at least one solderable area, securing at least one compo-
nent on the retaining plate, positioning the retaining
plate above the carrier plate with a reference mark of
each of the plates being aligned and the solderable areas
of the retaining plate being disposed in alignment with
the solderable areas of the carrier plate to form aligned
palrs, while continuing to hold the plates in the aligned
position, applying at least one solder piece at each
aligned pair of solder areas, melting the solder pieces,
allowing the molten solder to solidify to secure the
aligned plates together and then releasing the holding of
said plates.

With the proposed method, the Optlcal components
can be positioned and secured relative to one another
with a precision of less than 1 um and with an angular
fluctuation of less than 0.5°. Thus, no adhesive, for
example, a two-component adhesive, is required. Pref-
erably, the retaining plate and the carrier plates have
means for fastening to a micromanipulator which will
position the plates to form the aligned pairs of solder-
able areas and hold the plates in the aligned position
during the soldering steps. Preferably, the retaining

plate and/or the carrier plate will consist of a material

which has a poor thermal conductivity and if this mate-
rial is 2 non-metallic material, it 1s provided with metal-
lized layers to form a solderable area. When applying a
metallized layer on the retamning plate, it is applied
adjacent to the periphery of the plate on a lower surface
and also on the adjacent peripheral edge. This metalliza-
tion can be a complete metallization or only a partial
metallization. It is desirable to metallize the plates with
an easy to solder metal such as gold. The material of the
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2

plates may be either a ceramic material or a semicon-
ductor material such as silicon.

In order to locate the component on the retaining
plate, the step of providing the plate includes forming at
least one groove for each component on a surface of the
plate. If the retaining plate is made of silicon, the step of
forming the groove is by etching.

‘The step of prcmdmg the solder pieces preferably
provides solder pieces in the form of either a ball or a
cylindrical-shaped solder form. Preferably, the solder 1s
composed of an alloy which shows no significant
change of volume between its solid and melted form so
that on solidification no shrinkage will occur.

The step of melting the solder can be accomplished

by utilizing an electromagnetlc radiation or by utilizing

a light energy.

As mentioned hereinabove, the process is particularly
useful for positioning and securing semiconductor laser
diodes, light-emitting diodes, microlenses and light
waveguldes relative to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a retaining plate
being posttioned on a carrier plate in accordance with
the present invention with portions in elevation for
purposes of illustration; and |

FIG. 2 1s a cross-sectional view of the arrangement of

FIQG. 1 after the solder has solidified.

- DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The prmc1ples of the present invention are utilized in
the method in which n components are to be positioned
and secured relative to one another. The method pro-

ceeds, for example, in such a manner that one compo-

nent, for examme, a semiconductor laser diode is se-
cured to a carrier plate. The remaining n—1 compo-
nents are then secured to one Or more retaining plates
and these retaining plates are then adjusted and posi-
tioned on the carrier plate and secured to the carrier
plate by means of the method of the present invention.
The retaining plates preferably consist of silicon and
contain etched grooves in which the optical compo-
nents can be secured. However, retaining plates of other
materials, predominantly materials with a low thermal
conductivity such as ceramic retaining plates, are also
usable. The retaining plates are preferably partially
metallized on their peripheral edge and also on a lower
surface adjacent to the peripheral edge. The metalliza-
tion should consist of a layer of material which is easy to
solder, for example, gold. Both the retaining plates and
the carrier plates should have means for securing them
in a micromanipulator which will position and hold the
plates so that the retaining plate is only a few 100 um
above the surface of the carrier plate which also con-
sists of a material exhlbitlng a poor thermal conductiv-
ity. The carrier plate is also at least partially metalllzed
to provide solderable areas.

Each of the retaining plates is then adjusted or posi-
tioned relative to the optical component already se-
cured on the carrier plate with the assistance of the
micromanipulator. This adjusting also aligns the metal-
lized solderable areas of the retaining plate to be dis-
posed above metallized areas on the carrier plate to
form metallized pairs. While holding the plates in the

-aligned position with the micromanipulator, solder

pieces such as balls or cylindrical forms are positioned
at each of the pairs of metallized areas. Subsequently,
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the solder forms are melted and then allowed to solidity
to secure the plates together. After this has occurred,
then the plates are released from the micromanipulator.

' As illustrated in FIG. 1, a retaining plate 2 on an
upper surface is provided with a groove 4 which re-

ceives an optical component such as a glass fiber 1 that
is secured therein. The retaining plate 2 is rectangular
and is positioned with a bottom surface 11 adjacent an

upper surface 33 of a carrier plate 3 which has another
component secured thereon. As illustrated, the rectan-
gular carrier plate has a portion of its two opposite
edges provided with a layer 21 and 22, respectively, of
an easily solderable metal and each of the layers 21 and
22 also extend over a portion of the bottom surface 11
adjacent the edge. The carrier plate 3 is also provided
with a pair of metallized areas 31 and 32 which form

solderable areas which are spaced apart substantially

the same distance as the metal layers 21 and 22 on the
‘retaining plate 2.

"~ With the plate 2 being positioned above the surface

33 of the plate 3 with a small spacing of a few 100 um,
- the metallized, solderable areas form aligned pairs such
~ as-an aligned pair formed by the areas 21 and 31 and the

~ other aligned pair of areas 22 and 32.. Solder pieces,

which have a circular .cross-section such as balls or
cylindrical solder form, are positioned with one piece or
form 41 for the aligned pair 21, 31 and a piece or form
42 for the aligned pair formed by the areas 22, 32.
" To melt the solder pieces 41 and 42, suitable means
are provided. For example, the pieces may be melted by
applying electromagnetic radiation or light energy as
illustrated by energy waves 50. Preferably, the solder is
an alloy which will experience no change of volume
upon solidification. Thus, when the solder forms 41 and
42 melt, the solder will flow between the metallized
~ areas to form metal stays extending between the two
plates. Upon solidification, these metal stays 41’ and 42'
(FIG. 2) will secure the plates together and then the
micromanipulator can be released. .
- Although various minor modifications may be sug-
- gested by those versed in the art, it should be under-
stood that we wish to embody within the scope of the
patent granted hereon, all such modifications as reason-
ably and properly come within the scope of our contri-
‘bution to the art. |
We claim: |

" 1.'A method for positioning and fixing optical compo-
nents relative to one another, said method comprising
the steps of providing a carrier plate having an optical
component secured thereon and having at least one
solderable area, providing a retaining plate having at
least one solderable area, securing at least one optical
component on said retaining plate, positioning the re-
‘taining plate above the carrier plate with a reference
mark on each of said plates being aligned and the solder-
able area of the retaining plates being disposed in align-
ment with solderable areas on the carrier plate to form
aligned pairs, while continuing to hold the plates in the
aligned position applying at least one solder piece at
each aligned pair of solderable areas, melting the solder
pieces, allowing the molten solder to solidify to secure

4

the aligned plates together and then releasing the hold-
ing of said plates. |

2. A method according to claim 1, which includes
providing a micromanipulator, said step of providing
the retaining plate include providing a plate having
means for fastening to a micromanipulator; and said step
of positioning the retaining plate above the carrier plate

. with a reference mark on each plate being aligned in-
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clude utilizing the micromanipulator to position and
hold the retaining plate over the carrier plate.

3. A method according to claim 1, wherein the
method of providing a retaining plate and providing a
carrier plate provides one of the plates consisting of
material exhibiting poor thermal conductivity.

4. A method according to claim 1, wherein the step of
providing the retaining plate and the step of providing
the carrier plate provides at least one of the plates being

‘composed of a non-metallic material, each plate of non-

metallic material having solderable areas formed by a
metallized layer. =

‘5. A method according to claim 4, wherein the one
plate is the retaining plate and the metallized layer is
provided on the entire peripheral edge and on a surface
adjacent said peripheral edge. | |

6. A method according to claim 4, wherein the non-
metallic plate is the retaining plate and the metallized
layer is provided on portions of the peripheral edge and
a surface adjacent said portion of the peripheral edge.

7. A method according to claim 4, wherein the step of
providing the metallized layers provides a gold layer.

8. A method according to claim 1, wherein the step of
providing a retaining plate provides a plate consisting of
a material selected from a group consisting of semicon-
ductor material and ceramic materials, said plate being
provided with metallized layers to form the solderable

areas.

9. A method according to claim 1, wherein the step of
providing a retaining plate provides a retaining plate
having at least one groove for positioning the optical
component to be secured thereon.

10. A method according to claim 9, wherein the re-
taining plate with at least one groove comprises provid-
ing a silicon plate and etching each groove therein.

11. A method according to claim 1, wherein the step
of applying at least one solder piece provides solder
pieces having a circular cross-section. |

12. A method according to claim 1, wherein the
method of providing solder pieces provides solder com-
posed of an alloy having no significant change of vol-
ume upon solidification from the melted phase.

13. A method according to claim 1, wherein the step
of melting the solder comprises applying electromag-
netic radiation to melt said solder.

14. A method according to claim 13, wherein the step
of applying electromagnetic radiation applies light en-
ergy.

15. A method according to claim 1, wherein the step
of providing a carrier plate having an optical compo-
nent secured thereon and securing an optical compo-
nent on the retaining plate comprises selecting the opti-
cal components from a group consisting of semiconduc-
tor laser diodes, light-emitting diodes, microlenses, anc

light waveguides.
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